Abstract. Sixteen years of analysis of clear-sky direct aerosol radiative forcing is presented for the Amazon region, with calcu-1 lations of AERONET network, MODIS sensor and MERRA-2 reanalysis data. The results showed that MERRA-2 reanalysis 2 is an excellent tool for calculating and providing the spatial distribution of aerosol direct radiative forcing. In addition, the 3 difference between considering the reference state of the atmosphere without aerosol loading and with natural aerosol to obtain 4 the aerosol direct radiative forcing is discussed. During the dry season, the monthly average direct forcing at the top of atmo- ; this difference was associated with the absorption of aerosols. 
2 Data and Region of Study 1 The study area chosen to estimate ARF was the Amazon. The climate in this region is the result of the combination of several 2 factors, where the availability of solar energy is the most important. The greatest amount of total surface radiation occurs during 3 the dry season (DS), which coincides with the occurrence of large-scale annual burnings. Biomass burning affects not only the 4 Amazon, but it is also exported to the southeastern part of the country and neighboring countries, such as Bolivia, depending 5 on the amount of particulate matter emitted during these times (Freitas et al., 2005) . The Amazon area (AM) used is the same 
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• W), this site has an AERONET tower with good quality data for the entire study period. 8 A brief description of the sensors and data used is given below. Further details on the data are available in the literature based 
AERONET
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AERONET is a federation of well-calibrated ground-based sun photometers; these instruments provide a global estimate of 
where, λ 0 represents the desired wavelength (550 nm), λ represents the wavelength at 500 nm (close to the desired one) and 17 α represents the Angström coefficient, which is given by:
where, λ 1 and λ 2 are the wavelengths at 670 nm and 440 nm, respectively. 
MODIS
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The MODIS sensor aboard both the Terra and Aqua NASA satellites records near-global daily observations of the Earth across of aerosols (i.e., dust, sea salt, black carbon, organic carbon and sulfate). In the MERRA-2 reanalysis, the meteorological 
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In addition, observations from the space-based Multiangle Imaging SpectroRadiometer (MISR) for bright surfaces (i.e., albedo
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> 0.15) and observations from the AERONET network are also assimilated at 550 nm. The AOD measurements from the 
The ARF integrated over the atmosphere was obtained by subtracting the ARF at the top of the atmosphere from the ARF 23 at the surface. The uncertainty in the estimate was ± 4% and ± 6% for an AOD=1 at the surface and top of the atmosphere, obtained subtracting ARF at the TOA from ARF at surface. The method 2 can be expressed by:
4 Evaluation of AOD from the MERRA-2 aerosol reanalysis To obtain a long and accurate time series of the ARF in the Amazon region, the MERRA-2 reanalysis data were used. This tool Figure 3a shows the ARF temporal distribution near the Alta Floresta, which was calculated from 7 the AOD data from the MERRA-2 reanalysis and method 1. In this figure, it can be noted that the aerosol direct radiative forcing with data from the AERONET network (near the Alta Floresta), and some results for the dry season can be seen in Table 2 . Figure 3b shows the temporal distribution of ARF near the Alta Floresta, which was calculated with the MERRA-2 reanalysis Floresta and for the entire Amazon, the greatest differences in the ARF values between methods 1 and 2 were at the top of the 10 atmosphere. Figure 4 shows the values found for ARF at the top of the atmosphere over the Amazon region.
It should be noted that in Figure 3a , there is a greater proximity between the curves representing the ARF at the surface and 12 throughout the atmosphere compared to that in Figure 3b . This is explained by the fact that method 1 considers an atmosphere 13 without aerosols equal compared to that under natural conditions (i.e., the Amazon region during the rainy season). Under this 14 condition, the aerosol optical depth is equal to 0.11, and the aerosol radiative forcing for this value is adjusted to be very close 15 to zero. In method 2, an aerosol-free atmosphere indicates an aerosol optical depth equal to zero (AOD=0). Thus, in method It is also observed that the correlation between the AOD and the ARF for both methods is better at the surface. According to at the TOA over South America (Table 3) . is less intense because the area of fires is smaller and better ventilated, which favors the dispersion of aerosols in this region. shows the climatological distribution of ARF at the surface for the month of September, and it was noted that in 2007 ( Figure   17 7b), the values of ARF at the surface were extremely lower than those in the climatology for a large portion of the region.
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The ARF anomaly at the surface for the year 2007 had magnitudes ranging from -40 W m The estimation of aerosol direct radiative forcing from the MERRA-2 reanalysis for the Amazon region is of great importance 2 for the understanding of how aerosols affect the regional and even global climate because the data of the MERRA-2 reanalysis 3 include strengths of the observations and models. The observations provide a current estimate of the aerosol distribution, while 4 the numerical model provides estimates with temporally and spatially homogeneous coverages. 
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This was the first study to present ARF estimates at the surface, throughout the atmosphere and at the top of the atmosphere 21 over the Amazon region for a long period of time by analyzing the interannual variability of aerosol optical depth and aerosol 22 direct radiative forcing over a region that is strongly impacted by aerosols during the dry season.
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Data availability. The full MERRA-2 reanalysis dataset including aerosol fields is currently publicly available online through the Goddard data can be access at https://aeronet.gsfc.nasa.gov/ and https://modis.gsfc.nasa.gov/, respectively. chesi, R., Merkova, D., Nielsen, J. E., Partyka, G., Pawson, S., Putman, W., Rienecker, M., Schubert, S. D., Sienkiewicz, M. and Zhao,
18
B.: The modern-era retrospective analysis for research and applications, version 2 (MERRA-2), Journal of Climate, 14, 5419-5454, Holben, B. N., Eck, T. F., Slutsker, I., Tanre, D., Buis, J. P., Setzer, A., Vermote, E., Reagan, J. A., Kaufman, Y. J., Nakajima, T., Lavenu, F., 
